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DISPLAY INITIAL HOLOGRAM VIA DISPLAY DEVICE COMPRISING AN AT LEAST PARTIALLY SEE-
THROUGH DISPLAY CONFIGURED TO VISUALLY AUGMENT A VIEW OF A REAL WORLD THREE
DIMENSIONAL ENVIRONMENT THROUGH THE DISPLAY, THE INITIAL HOLOGRAM LOCATED ON A
VIRTUAL SURFACE AT AN INITIAL VIRTUAL LOCATION IN A THREE DIMENSIONAL COORDINATE
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VIRTUAL SURFACE IS WORLD-LOCKED 1508
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SPACE 1512

INSTRUCTION COMPRISES INSTRUCTHION TO CHANGE ONE OR MORE OF SIZE AND
ORIENTATION OF SUBSEQUENT HOLOGRAM IN THE THREE DIMENSIONAL COORDINATE

SPACE 1516

PERFORM COLLISION DETECTION TO DETERMINE THAT SUBSEQUENT HOLOGRAM AT

SUBSEQUENT VIRTUAL LOCATION WOULD COLLIDE WITH INITIAL HOLOGRAM AT INITIAL VIRTUAL
LOCATION 1520

IN RESPONSE, DISPLAY SUBSEQUENT HOLOGRAM AT ADJUSTED VIRTUAL LOCATION THAT IS
CLOSER TO DISPLAY DEVICE THAN INITIAL VIRTUAL LOCATION OF INITIAL HOLOGRAM IN THREE

DIMENSIONAL COORDINATE SPACE 1524
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DISPLAY SUBSEQUENT HOLOGRAM TILTED TOWARD DISPLAY DEVICE 1532
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1568
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ADJUSTED LOCATION HOLOGRAM
DISPLAY

BACKGROUND

User interfaces may display and facilitate user manipu-
lation of wvirtual objects. For example, computer-aided
design applications enable users to create, analyze and
manipulate various shapes and objects. In some applications,
when two objects are occupying a common area or space in
the viewing environment, a drawing order of the objects may
be used to display one of the objects on top of the other
object.

Some technologies enable users to experience a fully or
partially virtual world that includes three dimensional holo-
grams. For example, some virtual reality head-mounted
display (HMD) devices may display a fully-immersive,
entirely virtual environment with no view of the real world.
Other, augmented reality HMD devices may include a
partially transparent display that blends a user’s view of the
real world with displayed virtual objects, such as holograms,
and other content.

Manipulating virtual content 1n a virtual reality or aug-
mented reality environment can prove challenging. For
example, where a user directs one hologram of a virtual
object to occupy a position at which another hologram of
another object 1s also located, the two virtual objects may be
displayed as inter-penetrating one another or otherwise
being intermingled. Such behavior 1s markedly diflerent
than corresponding behavior of real world objects 1 a
similar situation. Accordingly, displaying holograms 1n this
manner may detract from the realism of the user experience.

SUMMARY

To address these 1ssues, a head-mounted display device
and method are provided for displaying holograms at
adjusted virtual locations. The computing device may com-
prise a non-volatile storage device holding instructions
executable by the processor to: display an 1nitial hologram
via a display device comprising an at least partially see-
through display configured to visually augment a view of a
real world three dimensional environment through the dis-
play, the 1mitial hologram located on a virtual surface at an
initial virtual location 1 a three dimensional coordinate
space overlaid upon the real world three dimensional envi-
ronment; subsequently receive an instruction to display a
subsequent hologram on the virtual surface at a subsequent
virtual location in the three dimensional coordinate space;
perform collision detection to determine that the subsequent
hologram at the subsequent virtual location would collide
with the mitial hologram at the 1nitial virtual location; and in
response, display the subsequent hologram at an adjusted
virtual location that 1s closer to the display device than the
initial virtual location of the initial hologram in the three
dimensional coordinate space.

This Summary 1s provided to introduce a selection of
concepts 1 a sumplified form that are further described
below 1n the Detailed Description. This Summary 1s not
intended to 1dentily key features or essential features of the
claimed subject matter, nor 1s 1t intended to be used to limat
the scope of the claimed subject matter. Furthermore, the
claimed subject matter 1s not limited to implementations that
solve any or all disadvantages noted in any part of this

disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a head-mounted display device according to
an example of the present description.
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FIG. 2 shows a user wearing head-mounted display
devices of FIG. 1 1n a room according to an example of the

present description.

FIG. 3 shows the user from FIG. 2 and two holograms
displayed according to an example of the present descrip-
tion.

FIG. 4 shows a hologram of FIG. 3 displayed at an
adjusted virtual location according to an example of the
present description.

FIG. § shows a top view of the two holograms of FIG. 4
displayed according to an example of the present disclosure.

FIG. 6 shows a top view of the two holograms of FIG. 5
according to another example of the present disclosure.

FIG. 7 shows the two holograms of FIG. 4 displayed
according to another example of the present description

FIG. 8 shows a top view of the two holograms of FIG. 7.

FIGS. 9 and 10 show a user wearing a head-mounted
display device displaying two holograms according to
another example of the present description.

FIGS. 11 and 12 show a user wearing a head-mounted
display device displaying a markup hologram overlapping
another hologram according to another example of the
present description.

FIG. 13 shows the head-mounted display device of FIGS.
11 and 12 displaying the markup hologram according to
another example of the present description.

FIG. 14 shows a hologram with an edge anmimated to
simulate bending according to an example of the present
description.

FIGS. 15A and 15B are a tlow chart of a method of
displaying holograms at adjusted virtual locations according
to an example of the present description.

FIG. 16 shows a computing system according to an
embodiment of the present description.

DETAILED DESCRIPTION

The present descriptions relate to displaying holograms at
adjusted virtual locations that are closer to a display device
than an mitial virtual location. In some examples, the display
device may comprise an HMD device, such as an augmented
reality display device that includes an at least partially
see-through display configured to visually augment a view
of a real world three dimensional environment through the
display. In other examples, the HMD device may comprise
a fully-immersive virtual reality display device.

FIG. 1 illustrates an HMD device 10 according to an
example of the present disclosure. In this example, the
illustrated HMD device 10 takes the form of wearable
glasses or goggles, but 1t will be appreciated that other forms
are possible. The HMD device 10 includes an at least
partially see-through stereoscopic display 12 that may be
configured to visually augment a view of a real world three
dimensional environment by the user through the display.

For example, the HMD device 10 may include an image
production system 22 that 1s configured to display virtual
objects such as holograms to the user with the at least
partially see-through display 12. The holograms may be
visually superimposed onto the physical environment so as
to be perceived at various depths and locations. The HMD
device 10 may use stereoscopy to visually place a virtual
object at a desired depth by displaying separate images of
the virtual object to both of the user’s eyes.

To achieve the perception of depth, the image production
system 22 of the HMD device 10 may render the two 1images
of the virtual object at a rendering focal plane of the HMD
device 10, such that there 1s a binocular disparity between
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the relative positions of the virtual object 1n the two 1mages.
For example, such binocular disparity may be a horizontal
disparity where the relative positions of the virtual object 1n
the two 1mages are separated by a distance in the x axis
direction. In this embodiment, the X axis may be defined as
the axis extending horizontally to the left and the right
relative to the user, the v axis extending upward and down-
ward vertically relative to the user, and the z axis extending,
torward and backward relative to the user, and orthogonally
to the x and y axes.

The horizontal disparity between the relative positions of
the virtual object 1n the two 1mages will cause the user to
perceive that the virtual object 1s located at a certain depth
within the viewed physical environment due to stereopsis.
Using this stereoscopy technique, the HMD device 10 may
control the displayed images of the virtual objects, such that
the user may perceive that the virtual objects exist at a
desired depth and location in the viewed real world three
dimensional environment.

In other examples, the at least partially see-through dis-
play 12 and 1mage production system 22 may utilize other
image display technologies and configurations. For
example, the at least partially see-through display 12 may be
configured to enable a wearer of the HMD device 10 to view
a physical, real-world object in the physical environment
through one or more partially transparent pixels that are
displaying a virtual object representation.

In some examples the display 12 may include image-
producing elements located within lenses (such as, for
example, a see-through Organic Light-Emitting Diode
(OLED) display). As another example, the display 12 may
include a light modulator on an edge of the lenses. In this
example, the lenses may serve as a light guide for delivering
light from the light modulator to the eyes of a wearer. Such
a light guide may enable a wearer to perceirve a 3D holo-
graphic image located within the physical environment that
the wearer 1s viewing, while also allowing the wearer to
view physical objects 1n the physical environment, thus
creating an augmented reality environment.

The HMD device 10 includes an optical sensor system 14
that may include one or more optical sensors. In one
example, the optical sensor system 14 may include an
outward facing optical sensor 16 that may be configured to
detect the real world environment from a similar vantage
point (e.g., line of sight) as observed by the user through the
see-through display 12. The optical sensor system 14 may
include a variety of additional sensors, such as a depth
camera and an RGB camera, which may be a high definition
camera or have another resolution.

The HMD device 10 may further include a position sensor
system 18 that may include one or more position sensors
such as accelerometer(s), gyroscope(s), magnetometer(s),
global positioning system(s), multilateration tracker(s), and/
or other sensors that output position sensor information
useable as a position, orientation, and/or movement of the
relevant sensor.

Optical sensor information received from the optical
sensor system 14 and/or position sensor information
received from position sensor system 18 may be used to
assess a position and orientation of the vantage point of the
see-through display 12 relative to other environmental
objects. In some embodiments, the position and orientation
of the vantage point may be characterized with six degrees
of freedom (e.g., world-space X, Y, Z, pitch, roll, and yaw).
The vantage point may be characterized globally or inde-
pendently of the real world background. The position and/or
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orientation may be determined with an on-board computing
system (e.g., on-board computing system 20) and/or an
ofl-board computing system.

The optical sensor information and the position sensor
information may be used by a computing system to perform
analysis of the real world three dimensional environment,
such as depth analysis, surface reconstruction, environmen-
tal color and lighting analysis, or other suitable operations.
In particular, the optical and positional sensor information
may be used to create a virtual model of the real world three
dimensional environment. In some examples, the virtual
model may comprise a three dimensional coordinate space
that 1s overlaid upon the real world three dimensional
environment. In some examples, such sensor information
may be provided to another computing device, such as a
server, that creates the virtual model of the real world three
dimensional environment.

In some examples, the position and orientation of the
vantage point may be characterized relative to this virtual
space. Moreover, the virtual model may be used to deter-
mine positions of holograms and other virtual objects 1n the
virtual space, and to add additional holograms to be dis-
played to the user at a desired depth and location within the
virtual world.

In some examples, the on-board computing system 20
and/or off-board computing system may include logic for
detecting collisions between two or more holographic
objects 1n a virtual model of the real world three dimensional
environment, and/or between a holographic object and a real
world object. As described 1n more detail below, 1n some
examples such logic may utilize virtual bounding boxes
associated with holograms and/or with real world objects to
determine when a collision may occur. In other examples,
other suitable collision detection logic and associated tech-
niques may be utilized.

The HMD device 10 may also include a microphone
system that includes one or more microphones, such as
microphone 58, that capture audio data. In other examples,
audio may be presented to the wearer via one or more
speakers, such as speaker 60 on the HMD device 10.

With reference now to FIGS. 2-14, example use cases
illustrating aspects of the present disclosure will now be
presented. As schematically shown in FIG. 2, a user 202 may
be standing 1n a living room 206 and may wear a display
device 210, which 1n this example may take the form of
HMD device 10 shown in FIG. 1. As noted above, display
device 210 (HMD device 10) may comprise an at least
partially see-through display configured to visually augment
the view of user 202 through the display of the real world
three dimensional environment of living room 206. The
display device 210 may generate a virtual model of the
living room 206 using a three dimensional coordinate space
overlaid upon the real world living room. In the example of
FIG. 2, such three dimensional coordinate space 1s indicated
by the x-y-z axes.

In one example, a user may desire to preview one or more
items in the user’s environment before purchasing the items.
In the example of FIG. 2, user 202 may be considering
purchasing a framed poster of his favorite cyclist for his
living room 206. The user may view an initial hologram 220
of the cyclist poster via the display device 210. The user may
instruct the display device 210 to position the mnitial holo-
gram 220 on wall 224. In response, the display device 210
may locate the 1mitial hologram 220 on a virtual surface that
corresponds to wall 224 at an 1nitial virtual location 228 1n
the three dimensional coordinate space. In the example of
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FIG. 2, the virtual surface corresponding to wall 224 1is
indicated 1n dashed lines at 230.

In some examples, the initial hologram 220 may be
substantially planar 1n the x-axis and y-axis directions, and
may have a depth 1n the z-axis direction. In other examples,
the initial hologram 220 may be substantially flat with a
small or negligible depth in the z-axis direction. In some
examples, the initial hologram 220 may also be amimated
and may change shape over time. In other examples, holo-
grams may take a variety of three dimensional shapes and
volumes such as, for example, round, oblong, conical, etc.,
and any combination of shapes and volumes.

In some examples, the virtual surface 230 may be world-
locked 1n a position that 1s fixed i the three dimensional
coordinate space overlaid upon the real world three dimen-
sional environment. In some examples, the 1nitial hologram
220 also may be world-locked 1n the three dimensional
coordinate space. The mitial virtual location 228 of the
initial hologram 220 may comprise a position of the mitial
hologram 220 1n the three dimensional coordinate space. For
example, the initial virtual location 228 may be described as
a volume of space occupied by the mitial hologram 220 and

having initial x-axis coordinates, initial y-axis coordinates
and 1nitial z-axis coordinates relative to the display device
210.

With reference also to FIG. 5, 1n some examples the 1nitial
hologram 220 may be have a depth 1n the z-axis direction.
In other examples, holograms may be substantially flat and
two-dimensional, and may have a single z-axis coordinate
relative to the display device 210. In other examples, two-
dimensional and three-dimensional holograms may have
x-ax1s, y-axis and z-axis coordinates relative to a fixed
location 1n the coordinate space.

With reference now to FIG. 3, the user 202 also may be
interested 1n a framed poster of his favorite wizard. The user
may instruct the display device 210 to display a subsequent
hologram 310 of the framed wizard poster on the wall 224.
As with the mitial hologram 220, 1n some examples, the
subsequent hologram 310 may be substantially planar 1n the
x-ax1s and y-axis directions, and may have a depth in the
z-axi1s direction. In other examples, the subsequent hologram
310 may be substantially flat with a small or negligible depth
in the z-axis direction. In other examples the subsequent
hologram 310 may take a variety of three dimensional
shapes and volumes such as, for example, round, oblong,
conical, etc., and any combination of shapes and volumes,
and also may be animated to change shape over time. In the
example of FIG. 3, the user 202 may instruct the display
device 210 to display the subsequent hologram 310 on the
wall 224 at a subsequent virtual location 320 in the three
dimensional coordinate space.

In this example and as shown i FIGS. 3 and 5, if the
subsequent hologram 310 were to be displayed on the virtual
surface 230 corresponding to wall 224 at the subsequent
virtual location 320, the subsequent hologram would par-
tially overlap the initial hologram 220 in the x-axis, y-axis
and z-axis directions. Additionally, as both the 1nitial holo-
gram 220 and subsequent hologram 310 would be located on
the virtual surtace 230 in the z-axis direction, both holo-
grams would occupy common volume, as indicated at 500 1n
FIG. 5. Accordingly, 1f displayed in this manner, the two
holograms would intermingle in three dimensional space
and may appear distorted and otherwise less than realistic to
user 202. FIG. 3 shows a schematic example of such
intermingling of the initial hologram 220 and subsequent
hologram 310.
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After receiving the user’s instruction to display the sub-
sequent hologram 310 on the wall 224 at a subsequent
virtual location 320, the display device 210 may perform
collision detection to determine 1f the subsequent hologram
310 at the subsequent virtual location 320 would collide
with the 1nitial hologram 220 at the initial virtual location
228. In other words, the display device 210 may determine
whether the subsequent hologram 310 at the subsequent
virtual location 320 would penetrate or occupy common

space or volume with the mitial hologram 220 at the initial
virtual location 228.

In some examples, collision detection may be performed
by analyzing virtual bounding boxes associated with the
initial hologram 220 and subsequent hologram 310. In FIGS.
3 and 4, an mitial bounding box 222 associated with iaitial
hologram 220 and a subsequent bounding box 312 associ-
ated with the subsequent hologram 310 are illustrated. The
initial bounding box 222 may have approximately the same
s1ze as the 1nitial hologram 220, and the subsequent bound-
ing box 312 may have approximately the same size as the
subsequent hologram 310. IT the subsequent bounding box
312 would collide with the 1mitial bounding box 222, then
the display device may determine that a collision of the
corresponding holograms would occur.

In the present example and as schematically shown 1n
FIGS. 3 and 3, displaying the subsequent hologram 310 at
the subsequent virtual location 320 would cause the subse-
quent hologram to collide with the iitial hologram 220
displayed at the 1imitial virtual location 228. Accordingly and
with reference to FIG. 4, 1n response the display device 210
may display the subsequent hologram 310 at an adjusted
virtual location 410 that 1s closer to the display device 210
than the initial virtual location of the 1nitial hologram 220 in
the three dimensional coordinate space. In this manner and
as schematically illustrated 1n FIGS. 4 and 5, the user 202
may more clearly and comiortably view the later-displayed
subsequent hologram 310 and the mitial hologram 220.
Additionally, and because the two holograms are not inter-
mingled, the visual realism of the holograms 1s maintained.
Further, because the user 202 interacted with the subsequent
hologram 310 after interacting with the 1nitial hologram 220,
the subsequent hologram 310 1s displayed i front of the
initial hologram 220 to afford the user 202 with an unob-
structed view of the subsequent hologram.

As shown 1n the example of FI1G. 5, the display device 210
may display the subsequent hologram 310 at an adjusted
virtual location 410 that 1s spaced a predetermined distance
D from the mitial virtual location 320 toward the display
device 210 in the z-axis direction. In some examples, the
predetermined distance D may be based on the distance from
the display device 210 to the subsequent virtual location 320
and/or the mitial virtual location 228. In other examples, a
fixed predetermined distance may be utilized. In some
examples, the predetermined distance D may be based on the
size ol the imitial hologram 220, or on the size of the
subsequent hologram 310, or on the size of both holograms.

In some examples, the x-axis coordinates and y-axis
coordinates of the subsequent hologram 310 at the subse-
quent virtual location 410 may be the same as the x-axis
coordinates and y-axis coordinates of the subsequent holo-
gram 310 at the 1mitial virtual location 320. In this manner,
the user 202 may percerve the subsequent hologram 310 as
moving toward the display device 210 1n the z-axis direction
alone. In other examples, 1n addition to moving 1n the z-axis
direction, the subsequent hologram 310 may be moved 1n
one or more of the x-axis and y-axis directions.
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In some examples and as shown 1n the examples of FIGS.
4 and 6, the subsequent hologram 310 at the adjusted virtual
location 410 may overlap the 1nitial hologram 220. In these
examples, the subsequent hologram 310 at the adjusted
virtual location 410 overlaps the initial hologram 220 1n the
x-ax1s and the y-axis directions from the viewing point of the
display device 210.

With reference now to FIG. 6, 1n some examples the
display device 210 may display the subsequent hologram
310 at an adjusted virtual location in which the subsequent
hologram 1s tilted toward the display device. In this
example, the subsequent hologram 310 may be rotated
clockwise about an axis 1n the y-axis direction to display a
first end 610 of the hologram closer to the display device
210, and a second, opposite end 620 further away from the
display device. In this manner, the distinction between the
subsequent hologram 310 and the 1nitial hologram 220 may
be visually emphasized to the user 202. In some examples,
the subsequent hologram 310 may be tilted such that the
second end 620 that 1s not overlapping the 1nitial hologram
220 1s displayed at or near the virtual surface 230 at which
the user 202 instructed the display device to display the
subsequent hologram.

With reference again to FIG. 4, in some examples where
the subsequent hologram 310 1s displayed in front of the
initial hologram 220, the user 202 may desire to interact with
the mitial hologram 220. The user 202 may select the 1nitial
hologram 220 via user input, such as voice mput, gesture
recognition, eye tracking, or any other suitable user nput.
With reference now to FIGS. 7 and 8, i response to
receiving the user’s selection of the mitial hologram 220, the
display device 210 may display the initial hologram 220 at
a moved virtual location 710 having a moved z-axis coor-
dinate that 1s closer to the display device 210 than the 1naitial
z-ax1s coordinate of the 1nitial hologram at the nitial virtual
location 228. Further, the moved virtual location 710 may
have a moved z-axis coordinate that 1s closer to the display
device 210 than the z-axis coordinate of the subsequent
hologram 310. In this manner, the user 202 may more
comiortably view the initial hologram 220 and the subse-
quent hologram 310.

In some examples, and 1n response to receiving the user’s
selection of the imitial hologram 220, the z-axis locations of
the 1itial hologram 220 and the subsequent hologram 310
may be swapped. For example, see the z-axis positions of the
initial hologram 220 and subsequent hologram 310 1n FIG.
4 as compared to FIG. 7. As shown i FIG. 8 and in one
example, after swapping the subsequent hologram 310 may
be displayed at a wvirtual location 810 having a z-axis
coordinate equal to the z-axis coordinate of the initial virtual
location 228 at which the initial hologram 220 was previ-
ously displayed.

With reference now to FIGS. 9 and 10, 1n some examples
the user 202 may provide an istruction to the display device
210 to change one or more of a size and an orientation of a
hologram. In the example of FIG. 9, the display device 210
may display the subsequent hologram 310 at a first size and
at a subsequent virtual location on the virtual surface 230
that does not overlap with the 1nitial hologram 220 1n either
the x-axis or the y-axis directions.

As shown i FIG. 10, the user 202 may instruct the
display device 210 to enlarge the subsequent hologram to a
larger size as indicated at 310'. As the subsequent hologram
1s being enlarged, the display device 210 may perform
collision detection to determine that the right edge 330 of the
subsequent hologram 310 collides with the left edge 240 of
the initial hologram 220. When such a collision 1s deter-
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mined to occur, either before or at the time the two edges
meet, the display device 210 may display the subsequent
hologram 310/310' at an adjusted virtual location 1010 that
1s closer to the display device 210 1n the z-axis direction than
the 1mitial virtual location 228 of the initial hologram 220.

In other examples, the user 202 may instruct the display
device 210 to change the orientation of the subsequent
hologram 310, such as by rotating the hologram. Where such
a change i1n orientation causes a collision between the
subsequent hologram 310 and the 1nitial hologram 220, the
subsequent hologram may be displayed at an adjusted virtual
location that 1s closer to the display device 210 1n the z-axis
direction as described above.

In some examples, a user 202 may use the display device
210 to display one or more markup holograms that may
overlap, intersect or otherwise interact with one or more
other holograms. In some examples, a markup hologram
may take the form of a line, shape, text, highlighting, image,
or any other suitable visual expression. With reference now
to FIGS. 11 and 12, 1n one example the user may instruct the
display device 210 to draw a markup hologram 1n the form
of markup line 1110. In this example the markup line 1110
comprises a left portion 1120 at a left markup location 1124,
a middle portion 1130 at a middle markup location 1134, and
a right portion 1140 at a right markup location 1144. The left
portion 1120 and right portion 1140 overlap the virtual
surface 230, and the middle portion 1130 overlaps the 1nitial
hologram 220.

The display device 210 may world-lock the left portion
1120 and the right portion 1140 to the virtual surface 230,
and may world-lock the middle portion 1130 to the initial
hologram 220. In other words, the positions of the left
portion 1120 and right portion 1140 may be fixed relative to
the virtual surface, while the position of the middle portion
1130 may be fixed relative to the mnitial hologram 220.

With reference to FIG. 12, the user 202 may instruct the
display device 210 to move the initial hologram 220 to
another virtual location 1210 on the wall 224. In this
example, when the mnitial hologram 220 1s moved, the left
portion 1120 and right portion 1140 of the markup line 1110
are maintained at their respective markup locations 1124 and
1144. In other words, the left portion 1120 and right portion
1140 remain world-locked to the virtual surface 230. The
middle portion 1130 remains world-locked with the 1nitial
hologram 220 and moves with the 1mitial hologram. In this
manner, the holographic markup line 1110 behaves 1 a
realistic manner that corresponds to the behavior of a
real-world line drawn across the wall 224 and a real world
framed poster 1n a similar situation.

In one example, the user 202 may not have intended to
break up the holographic markup line 1110 when the user
moved the 1nmitial hologram 220. Accordingly and in some
examples, the user 202 may provide an undo instruction to
the display device 210. In response, and with reference to
FIG. 13, the display device 210 may rejoin the middle
portion 1130 with the left portion 1120 and right portion
1140 to display the entire holographic markup line 1110 1n
its original position. The display device 210 also may
maintain the mitial hologram 220 at the other virtual loca-
tion 1210.

With reference now to FIG. 14, to provide a realistic
presentation of a hologram, 1n some examples a hologram
displayed by display device 210 may be animated to simu-
late bending of the represented object. In some examples,
the hologram may represent a thin sheet of paper, fabric, a
poster, a tlag, or any other flexible medium that may bend
under certain conditions. In the example of FIG. 14, a
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hologram 1410 of an uniframed poster of a wizard may be
displayed. A user may provide an instruction to the display
device 210 to move the hologram 1410 from an adjusted
virtual location 1420 1n the direction of action arrows A.

In this example, while the hologram 1410 1s moving, the
display device 210 may animate an edge 1430 of the
hologram to simulate the edge bending. For example, the
edge 1430 may be animated to bend as 1f the edge were
fluttering or tlapping in the air due to the movement.

It will be appreciated that the above described examples
are provided for descriptive purposes, and that many other
examples of holograms having other three dimensional
shapes and volumes may be displayed and manipulated
according to the principles of the present disclosure.

FIGS. 15A and 135B 1illustrate a flow chart of a method
1500 for displaying holograms at adjusted locations accord-
ing to examples of the present disclosure. The following
description of method 1500 1s provided with reference to the
software and hardware components described above and
shown 1 FIGS. 1-14. It will be appreciated that method
1500 also may be performed in other contexts using other
suitable hardware and software components.

With reference to FIG. 15A, at 1504 the method 1500 may
include displaying an initial hologram via a display device
comprising an at least partially see-through display config-
ured to visually augment a view of a real world three
dimensional environment through the display, the mitial
hologram located on a virtual surface at an initial virtual
location 1n a three dimensional coordinate space overlaid
upon the real world three dimensional environment. At 1508
the virtual surface may be world-locked.

At 1512 the method 1500 may include subsequently
receiving an 1struction to display a subsequent hologram on
the virtual surface at a subsequent virtual location 1n the
three dimensional coordinate space. At 1516 the instruction
to display the subsequent hologram may comprise an
instruction to change one or more of a size and an orientation
of the subsequent hologram 1n the three dimensional coor-
dinate space.

At 1520 the method 1500 may include performing colli-
s1on detection to determine that the subsequent hologram at
the subsequent virtual location would collide with the 1nitial
hologram at the 1mitial virtual location. At 1524 the method
1500 may include, 1n response to determining that the
subsequent hologram at the subsequent virtual location
would collide with the initial hologram at the initial virtual
location, displaying the subsequent hologram at an adjusted
virtual location that 1s closer to the display device than the
initial virtual location of the initial hologram in the three
dimensional coordinate space. At 1528 the adjusted virtual
location may be a predetermined distance from the initial
virtual location toward the display device.

At 1532, where at least a portion of the subsequent
hologram at the adjusted virtual location overlaps the initial
hologram, the method 1500 may include displaying the
subsequent hologram tilted toward the display device. At
1536 the method 1500 may include receiving a selection of
the 1nitial hologram. With reference now to FIG. 15B, at
1540 the method 1500 may include, in response to receiving
the selection, displaying the initial hologram at a moved
virtual location having a moved z-axis coordinate of the
three dimensional coordinate space that 1s closer to the
display device than an 1mitial z-axis coordinate of the 1nitial
virtual location.

At 1544 the method 1500 may include displaying the
subsequent hologram at the mnitial z-axis coordinate of the
initial virtual location. At 1548 the method 1500 may
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include displaying a markup hologram comprising a first
portion that overlaps the virtual surface at a markup location
and a second portion that overlaps the nitial hologram. At
1552 the method 1500 may include world-locking the first
portion to the virtual surface and the second portion to the
initial hologram. At 1556 the method 1500 may include,
when the initial hologram 1s moved to another wvirtual
location, moving the second portion of the markup hologram
with the 1nitial hologram while maintaining the first portion
of the markup hologram at the markup location overlapping
the virtual surface.

In response to recerving an undo instruction, the method
1500 may include: at 1560, rejoining the second portion of
the markup hologram with the first portion of the markup
hologram; and at 1564, maintaining the imitial hologram at
the other virtual location. At 1568 the method 1500 may
include receiving an instruction to move the subsequent
hologram from the adjusted virtual location. At 1572 the
method 1500 may include, while moving the subsequent
hologram, animating an edge of the subsequent hologram to
simulate the edge bending.

It will be appreciated that method 1500 1s provided by
way of example and 1s not meant to be limiting. Therefore,
it 1s to be understood that method 1500 may include addi-
tional and/or alternative steps relative to those 1llustrated in
FIGS. 15A and 15B. Further, 1t 1s to be understood that
method 1500 may be performed in any suitable order.
Further still, 1t 1s to be understood that one or more steps
may be omitted from method 1500 without departing from
the scope of this disclosure.

In some embodiments, the methods and processes
described herein may be tied to a computing system of one
or more computing devices. In particular, such methods and
processes may be implemented as a computer-application
program or service, an application-programming interface
(API), a library, and/or other computer-program product.

FIG. 16 schematically shows a non-limiting embodiment
of a computing system 1600 that can enact one or more of
the methods and processes described above. Computing
system 1600 1s shown 1n simplified form. Computing system
1600 may take the form of one or more head-mounted
display devices as shown 1n FIG. 1, or one or more devices
cooperating with a head-mounted display device (e.g., per-
sonal computers, server computers, tablet computers, home-
entertainment computers, network computing devices, gam-
ing devices, mobile computing devices, mobile
communication devices (e.g., smart phone), and/or other
computing devices).

Computing system 1600 includes a logic processor 1604,
volatile memory 1608, and a non-volatile storage device
1612. Computing system 1600 may optionally include a
display subsystem 1616, imnput subsystem 1620, communi-
cation subsystem 1624, and/or other components not shown
in FIG. 16.

Logic processor 1604 includes one or more physical
devices configured to execute instructions. For example, the
logic processor may be configured to execute instructions
that are part of one or more applications, programs, routines,
libraries, objects, components, data structures, or other logi-
cal constructs. Such instructions may be implemented to
perform a task, implement a data type, transform the state of
one or more components, achieve a technical eflect, or
otherwise arrive at a desired result.

The logic processor may include one or more physical
processors (hardware) configured to execute software
instructions. Additionally or alternatively, the logic proces-
sor may include one or more hardware logic circuits or
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firmware devices configured to execute hardware-imple-
mented logic or firmware instructions. Processors of the
logic processor 1604 may be single-core or multi-core, and
the 1nstructions executed therecon may be configured for
sequential, parallel, and/or distributed processing. Indi-
vidual components of the logic processor optionally may be
distributed among two or more separate devices, which may
be remotely located and/or configured for coordinated pro-
cessing. Aspects of the logic processor may be virtualized
and executed by remotely accessible, networked computing
devices configured 1 a cloud-computing configuration. In
such a case, these virtualized aspects may be run on different
physical logic processors of various different machines.

Volatile memory 1608 may include physical devices that
include random access memory. Volatile memory 1608 1is
typically utilized by logic processor 1604 to temporarily
store information during processing of software 1structions.
It will be appreciated that volatile memory 1608 typically
does not continue to store 1structions when power 1s cut to
the volatile memory 1608.

Non-volatile storage device 1612 includes one or more
physical devices configured to hold istructions executable
by the logic processors to implement the methods and
processes described herein. When such methods and pro-
cesses are 1mplemented, the state of non-volatile storage
device 1612 may be transformed—e.g., to hold different
data.

Non-volatile storage device 1612 may include physical
devices that are removable and/or built-in. Non-volatile
storage device 1612 may include optical memory (e.g., CD,

DVD, HD-DVD, Blu-Ray Disc, etc.), semiconductor
memory (e.g., ROM, EPROM, EEPROM, FLASH memory,
etc.), and/or magnetic memory (e.g., hard-disk drive, tloppy-
disk drive, tape drive, MRAM, etc.), or other mass storage
device technology. Non-volatile storage device 1612 may
include nonvolatile, dynamic, static, read/write, read-only,
sequential-access, location-addressable, file-addressable,
and/or content-addressable devices. It will be appreciated
that non-volatile storage device 1612 1s configured to hold
instructions even when power 1s cut to the non-volatile
storage device 1612.

Aspects of logic processor 1604, volatile memory 1608,
and non-volatile storage device 1612 may be integrated
together into one or more hardware-logic components. Such
hardware-logic components may include field-program-
mable gate arrays (FPGAs), program- and application-spe-
cific integrated circuits (PASIC/ASICs), program- and appli-
cation-specific standard products (PSSP/ASSPs), system-
on-a-chip (SOC), and complex programmable logic devices
(CPLDs), for example.

The term “program™ may be used to describe an aspect of
computing system 1600 implemented to perform a particular
function. In some cases, a program may be instantiated via
logic processor 1604 executing instructions held by non-
volatile storage device 1612, using portions of volatile
memory 1608. It will be understood that different programs
may be instantiated from the same application, service, code
block, object, library, routine, API, function, etc. Likewise,
the same program may be instantiated by diflerent applica-
tions, services, code blocks, objects, routines, APIs, func-
tions, etc. The term “program™ encompasses individual or
groups ol executable files, data files, libraries, drivers,
scripts, database records, etc.

When 1ncluded, display subsystem 1616 may be used to
present a visual representation of data held by non-volatile
storage device 1612. This visual representation may take the
form of a graphical user interface (GUI). As the herein
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described methods and processes change the data held by the
non-volatile storage device, and thus transform the state of
the non-volatile storage device, the state of display subsys-
tem 1616 may likewise be transformed to visually represent
changes 1 the underlying data. Display subsystem 1616
may include one or more display devices utilizing virtually
any type of technology. Such display devices may be com-
bined with logic processor 1604, volatile memory 1608,
and/or non-volatile storage device 1612 1n a shared enclo-
sure, or such display devices may be peripheral display
devices. The at least partially see-through display of HMD
device 10 described above 1s one example of a display
subsystem 1616.

When 1ncluded, input subsystem 1620 may comprise or
interface with one or more user-input devices such as a
keyboard, mouse, touch screen, or game controller. In some
embodiments, the mput subsystem may comprise or inter-
face with selected natural user mput (NUI) componentry.
Such componentry may be integrated or peripheral, and the
transduction and/or processing of input actions may be
handled on- or off-board. Example NUI componentry may
include a microphone for speech and/or voice recognition;
an 1nfrared, color, stereoscopic, and/or depth camera for
machine vision and/or gesture recognition; a head tracker,
eye tracker, accelerometer, and/or gyroscope for motion
detection, gaze detection, and/or intent recognition; as well
as electric-field sensing componentry for assessing brain
activity; any of the sensors described above with respect to
position sensor system 18 of FIG. 1; and/or any other
suitable sensor.

When 1ncluded, communication subsystem 1624 may be
configured to communicatively couple computing system
1600 with one or more other computing devices. Commu-
nication subsystem 1624 may include wired and/or wireless
communication devices compatible with one or more dii-
ferent communication protocols. As non-limiting examples,
the communication subsystem may be configured for com-
munication via a wireless telephone network, or a wired or
wireless local- or wide-area network. In some embodiments,
the communication subsystem may allow computing system
1600 to send and/or receive messages to and/or from other
devices via a network such as the Internet.

It will be understood that the configurations and/or
approaches described herein are exemplary in nature, and
that these specific embodiments or examples are not to be
considered 1n a limiting sense, because numerous variations
are possible. The specific routines or methods described
herein may represent one or more ol any number of pro-
cessing strategies. As such, various acts 1illustrated and/or
described may be performed in the sequence illustrated
and/or described, 1n other sequences, in parallel, or omitted.
Likewise, the order of the above-described processes may be
changed.

The subject matter of the present disclosure includes all
novel and nonobvious combinations and subcombinations of
the various processes, systems and configurations, and other
features, functions, acts, and/or properties disclosed herein,
as well as any and all equivalents thereof.

The following paragraphs provide additional support for
the claims of the subject application. One aspect provides a
method for displaying holograms 1in an augmented reality
environment, comprising: displaying an initial hologram via
a display device comprising an at least partially see-through
display configured to visually augment a view of a real
world three dimensional environment through the display,
the initial hologram located on a virtual surface at an 1nitial
virtual location i a three dimensional coordinate space
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overlaid upon the real world three dimensional environment;
subsequently receiving an instruction to display a subse-
quent hologram on the virtual surface at a subsequent virtual
location 1n the three dimensional coordinate space; performs-
ing collision detection to determine that the subsequent
hologram at the subsequent virtual location would collide
with the mitial hologram at the 1nitial virtual location; and in
response, displaying the subsequent hologram at an adjusted
virtual location that 1s closer to the display device than the
initial virtual location of the initial hologram in the three
dimensional coordinate space. The method may additionally
or optionally include, wherein at least a portion of the
subsequent hologram at the adjusted virtual location over-
laps the 1mitial hologram, displaying the subsequent holo-
gram tilted toward the display device. The method may
additionally or optionally include receiving a selection of the
initial hologram; and in response, displaying the initial
hologram at a moved virtual location having a moved z-axis
coordinate of the three dimensional coordinate space that 1s
closer to the display device than an initial z-axis coordinate
of the 1mitial virtual location. The method may additionally
or optionally include displaying the subsequent hologram at
the 1nitial z-axis coordinate of the initial virtual location. The
method may additionally or optionally include wherein the
instruction to display the subsequent hologram comprises an
instruction to change one or more of a size and an orientation
of the subsequent hologram 1n the three dimensional coor-
dinate space. The method may additionally or optionally
include displaying a markup hologram comprising a first
portion that overlaps the virtual surface at a markup location
and a second portion that overlaps the initial hologram;
world-locking the first portion to the virtual surface and the
second portion to the initial hologram; and when the initial
hologram 1s moved to another virtual location, moving the
second portion of the markup hologram with the initial
hologram while maintaining the first portion of the markup
hologram at the markup location overlapping the virtual
surface. The method may additionally or optionally 1nclude
in response to receiving an undo instruction: rejoimng the
second portion of the markup hologram with the first portion
of the markup hologram; and maintaining the initial holo-
gram at the other virtual location. The method may addi-
tionally or optionally include wherein the adjusted virtual
location 1s a predetermined distance from the initial virtual
location toward the display device. The method may addi-
tionally or optionally include wherein the virtual surface 1s
world-locked. The method may additionally or optionally
include receiving an instruction to move the subsequent
hologram from the adjusted virtual location; and while
moving the subsequent hologram, animating an edge of the
subsequent hologram to simulate the edge bending.
Another aspect provides a head-mounted display device
comprising: an at least partially see-through display; a
processor; and a non-volatile storage device holding instruc-
tions executable by the processor to: display an initial
hologram via a display device comprising an at least par-
tially see-through display configured to visually augment a
view of a real world three dimensional environment through
the display, the initial hologram located on a virtual surface
at an 1n1tial virtual location 1n a three dimensional coordinate
space overlaid upon the real world three dimensional envi-
ronment; subsequently receive an instruction to display a
subsequent hologram on the virtual surface at a subsequent
virtual location in the three dimensional coordinate space;
perform collision detection to determine that the subsequent
hologram at the subsequent virtual location would collide
with the mitial hologram at the 1nitial virtual location; and in
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response, display the subsequent hologram at an adjusted
virtual location that 1s closer to the display device than the
initial virtual location of the initial hologram in the three
dimensional coordinate space. The head-mounted display
device may additionally or optionally include, wherein at
least a portion of the subsequent hologram overlaps the
initial hologram, and the instructions are executable by the
processor to display the subsequent hologram tilted toward
the display device. The head-mounted display device may
additionally or optionally include, wherein the instructions
are executable by the processor to: receive a selection of the
initial hologram; and 1n response, display the initial holo-
gram at a moved virtual location having a moved z-axis
coordinate of the three dimensional coordinate space that 1s
closer to the display device than an initial z-axis coordinate
of the mitial virtual location. The head-mounted display
device may additionally or optionally include, wherein the
instructions are executable to display the subsequent holo-
gram at the initial z-axis coordinate of the imitial virtual
location. The head-mounted display device may additionally
or optionally include, wherein the mstruction to display the
subsequent hologram comprises an mstruction to change one
or more of a size and an orientation of the subsequent
hologram 1in the three dimensional coordinate space. The
head-mounted display device may additionally or optionally
include, wherein the instructions are executable to: display
a markup hologram comprising a first portion that overlaps
the virtual surface at a markup location and a second portion
that overlaps the 1nitial hologram; world-lock the first por-
tion to the virtual surface and the second portion to the nitial
hologram; and when the initial hologram i1s moved to
another virtual location, move the second portion of the
markup hologram with the initial hologram while maintain-
ing the first portion of the markup hologram at the markup
location overlapping the virtual surface. The head-mounted
display device may additionally or optionally include,
wherein the instructions are executable to, 1n response to
receiving an undo istruction: rejoin the second portion of
the markup hologram with the first portion of the markup
hologram; and maintain the initial hologram at the other
virtual location. The head-mounted display device may
additionally or optionally include, wherein the adjusted
virtual location 1s a predetermined distance from the initial
virtual location toward the display device. The head-
mounted display device may additionally or optionally
include wherein the virtual surface 1s world-locked.
Another aspect provides a head-mounted display device
comprising: an at least partially see-through display; a
processor; and a non-volatile storage device holding nstruc-
tions executable by the processor to: display an initial
hologram wvia a display device comprising an at least par-
tially see-through display configured to visually augment a
view of a real world three dimensional environment through
the display, the mitial hologram located on a virtual surface
at an 1nitial virtual location 1n a three dimensional coordinate
space overlaid upon the real world three dimensional envi-
ronment; subsequently receive an instruction to display a
subsequent hologram on the virtual surface at a subsequent
virtual location in the three dimensional coordinate space;
perform collision detection to determine that the subsequent
hologram at the subsequent virtual location would collide
with the initial hologram at the imitial virtual location; in
response, display the subsequent hologram at an adjusted
virtual location that 1s closer to the display device than the
initial virtual location of the mnitial hologram in the three
dimensional coordinate space; receive an instruction to
move the iitial hologram from the mmitial virtual location;
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and 1n response, display the initial hologram at a moved
virtual location having a moved z-axis coordinate of the
three dimensional coordinate space that 1s closer to the
display device than an 1nitial z-axis coordinate of the mitial
virtual location.

The invention claimed 1s:

1. A method for displaying holograms in an augmented
reality environment, the method comprising;

displaying an 1nitial hologram via a display device com-

prising an at least partially see-through display config-
ured to visually augment a view of a real world three
dimensional environment through the display, the 1ni-
t1al hologram located on a virtual surface at an 1nitial
virtual location 1n a three dimensional coordinate space
overlaid upon the real world three dimensional envi-
ronment,

subsequently recerving an instruction to display a subse-

quent hologram on the virtual surface at a subsequent
virtual location in the three dimensional coordinate
space;

performing collision detection to determine that the sub-

sequent hologram at the subsequent virtual location
would collide with the mnitial hologram at the mnitial
virtual location;
in response, displaying the subsequent hologram at an
adjusted wvirtual location that 1s closer to the display
device than the initial virtual location of the initial
hologram 1n the three dimensional coordinate space;

displaying a markup hologram comprising a first portion
that overlaps the virtual surface at a markup location
and a second portion that overlaps the 1imitial hologram;

world-locking the first portion to the virtual surface and
the second portion to the initial hologram; and

when the initial hologram 1s moved to another virtual

location, moving the second portion of the markup
hologram with the 1mitial hologram while maintaining
the first portion of the markup hologram at the markup
location overlapping the virtual surface.

2. The method of claim 1, wherein at least a portion of the
subsequent hologram at the adjusted virtual location over-
laps the initial hologram, the method further comprising
displaying the subsequent hologram tilted toward the dis-
play device.

3. The method of claim 1, further comprising displaying
the subsequent hologram at an 1nitial z-axis coordinate of the
initial virtual location.

4. The method of claim 1, wherein the instruction to
display the subsequent hologram comprises an instruction to
change one or more of a size and an orientation of the
subsequent hologram 1n the three dimensional coordinate
space.

5. The method of claim 1, further comprising, in response
to recerving an undo 1instruction:

rejoining the second portion of the markup hologram with

the first portion of the markup hologram; and
maintaining the initial hologram at the other virtual loca-
tion.

6. The method of claim 1, wherein the adjusted virtual
location 1s a predetermined distance from the initial virtual

location toward the display device.
7. The method of claim 1, wherein the virtual surface 1s
world-locked.
8. The method of claim 1, turther comprising;:
receiving an instruction to move the subsequent hologram
from the adjusted virtual location; and
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while moving the subsequent hologram, animating an
edge of the subsequent hologram to simulate the edge
bending.

9. A head-mounted display device, comprising:

an at least partially see-through display;

a processor; and

a non-volatile storage device holding instructions execut-
able by the processor to:

display an 1nmitial hologram via a display device com-

prising an at least partially see-through display con-

figured to visually augment a view of a real world

three dimensional environment through the display,
the 1nitial hologram located on a virtual surface at an

imitial virtual location in a three dimensional coor-
dinate space overlaid upon the real world three
dimensional environment;

subsequently receive an instruction to display a subse-
quent hologram on the virtual surface at a subsequent
virtual location in the three dimensional coordinate
space;

perform collision detection to determine that the sub-
sequent hologram at the subsequent virtual location
would collide with the mnitial hologram at the 1nitial
virtual location;

in response, display the subsequent hologram at an
adjusted virtual location that 1s closer to the display
device than the initial virtual location of the initial
hologram 1n the three dimensional coordinate space;

display a markup hologram comprising a first portion
that overlaps the virtual surface at a markup location
and a second portion that overlaps the 1mitial holo-
gram;

world-lock the first portion to the virtual surface and
the second portion to the initial hologram; and

when the initial hologram 1s moved to another virtual
location, move the second portion of the markup
hologram with the 1nitial hologram while maintain-
ing the first portion of the markup hologram at the
markup location overlapping the virtual surface.

10. The head-mounted display device of claim 9, wherein
at least a portion of the subsequent hologram overlaps the
initial hologram, and the instructions are executable by the
processor to display the subsequent hologram tilted toward
the display device.

11. The head-mounted display device of claim 9, wherein
the instructions are executable to display the subsequent
hologram at the initial z-axis coordinate of the initial virtual
location.

12. The head-mounted display device of claim 9, wherein
the instruction to display the subsequent hologram com-
prises an instruction to change one or more of a size and an
orientation of the subsequent hologram 1n the three dimen-
sional coordinate space.

13. The head-mounted display device of claim 9, wherein
the instructions are executable to, in response to receiving an
undo 1nstruction:

rejoin the second portion of the markup hologram with the

first portion of the markup hologram; and

maintain the mnitial hologram at the other virtual location.

14. The head-mounted display device of claim 9, wherein
the adjusted virtual location 1s a predetermined distance
from the mitial virtual location toward the display device.

15. The head-mounted display device of claim 9, wherein
the virtual surface 1s world-locked.

16. A head-mounted display device, comprising:

an at least partially see-through display;

a processor; and
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a non-volatile storage device holding instructions execut-
able by the processor to:
display an initial hologram via a display device com-
prising an at least partially see-through display con-
figured to visually augment a view of a real world
three dimensional environment through the display,
the initial hologram located on a virtual surface at an
imitial virtual location in a three dimensional coor-

dinate space overlaad upon the real world three
dimensional environment;

subsequently receive an instruction to display a subse-
quent hologram on the virtual surface at a subsequent
virtual location in the three dimensional coordinate
space;

perform collision detection to determine that the sub-
sequent hologram at the subsequent virtual location
would collide with the mnitial hologram at the 1nitial
virtual location;

in response, display the subsequent hologram at an
adjusted virtual location that 1s closer to the display
device than the initial virtual location of the initial
hologram 1n the three dimensional coordinate space;

display a markup hologram comprising a {irst portion
that overlaps the virtual surface at a markup location
and a second portion that overlaps the initial holo-
gram;
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world-lock the first portion to the virtual surface and
the second portion to the initial hologram; and
when the initial hologram 1s moved to another virtual
location, move the second portion of the markup
hologram with the 1nitial hologram while maintain-
ing the first portion of the markup hologram at the
markup location overlapping the virtual surface; and
while moving the subsequent hologram, animate an
edge of the subsequent hologram to simulate the
edge bending.
17. The method of claim 1, further comprising:
recerving a selection of the imitial hologram; and
in response, displaying the mnitial hologram at a moved
virtual location having a moved z-axis coordinate of the
three dimensional coordinate space that 1s closer to the
display device than an initial z-axis coordinate of the
initial virtual location.
18. The head-mounted display device of claim 9, wherein

the 1nstructions are executable by the processor to:

recerve a selection of the mitial hologram; and

in response, display the initial hologram at a moved
virtual location having a moved z-axis coordinate of the
three dimensional coordinate space that 1s closer to the
display device than an i1nitial z-axis coordinate of the
initial virtual location.
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